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Abstract 
The event of earthquake may induce the occurrence of liquefaction hazard. Liquefaction could cause damage to buildings and 
infrastructure due to the sudden increase of pore pressure at the loose uncompacted layers causing the loss of support or bearing 
capacity. The Yogyakarta earthquake on May 27, 2006 of magnitude 6.2 had resulted in liquefaction phenomenon to occur in 
several affected areas. During this earthquake liquefaction occurrences were observed near the Opak Fault area. Mapping of 
liquefaction along with geotechnical investigation and analysis had been carried out in Bantul region, Yogyakarta. Geotechnical 
investigation consisted of a series of cone penetration tests and drillings was carried out in Patalan region, Bantul, Yogyakarta. 
Analysis of liquefaction potential was conducted by analyzing CPT data by Robertson and Wride (1989) method.  Analysis 
results revealed that the loose layer consists of silty sand and sandy silt at the depth between 0.2- 12.8 m are potentially liquefied 
during the earthquake. Results of liquefaction analysis indicated that the thickness of potentially liquefied soil layer varies 
between 0.2 -5.2 m and total settlement induced by the liquefaction is varied from 1.0 - 10.8 cm concentrated at the middle part 
of Opak Fault. Geotechnical analysis suggested that the liquefaction had occurred within the upper Quaternary sediment filling 
the Bantulgraben.  
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1. Introduction 
The event of large magnitude earthquake could induce liquefaction to occur at loose non cohesive saturated 
sediment.  The liquefaction phenomenon could be manifested as lateral spreading, settlement, loss of buildings 
stability due to the loss of foundation bearing capacity (Seed and Idriss, 1971;Youd, 1991; Kramer, 1996). The 
phenomenon of earthquake induced liquefaction had caused destruction of buildings and infrastructures in municipal 
areas in many parts of Indonesia such as in Banda Aceh (Tohari A.et.al, 2007), Bengkulu in 2000 and 2007 (Tohari 
A, et.al, 2007), Berbah - Bantul, Jogjakarta in 2006 (Soebowo, E, et.al, 2006 and 2007).  The occurrence of 
liquefaction is strongly influenced by the engineering properties of the sediment, the geological environment and 
earthquake characteristics.  Some of the important factors to be considered are the grain size, groundwater level and 
peak ground acceleration (Seed and Idriss, 1971). 
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The Yogyakarta earthquake occurred on May 27, 2006 of magnitude 6.2 Mw had claimed victims of more than 
5,500 lives and caused damages to buildings and infrastructures due to liquefaction. The liquefaction phenomena 
were observed near the Opak Fault area, particularly in PatalanBantul. This liquefaction occurrence is mainly related 
to its geological environment of the Bantulgraben filled by alluvium deposit with relatively shallow groundwater 
table which exists in an active fault zone (Wartono et.al, 1977, Soebowo et.al, 2006). This paper aims to relate the 
occurrence and distribution of the earthquake induced liquefaction in Bantul area with the geotechnical 
characteristics and liquefaction analysis of subsurface soil. Mapping of liquefaction along with geotechnical 
investigation and analysis had been carried out in Patalan, Bantul region Yogyakarta. Geotechnical investigation 
consisted of a series of cone penetration tests and drillings was carried out in Patalan region, Bantul, Yogyakarta. 
Analysis of liquefaction potential was conducted by analyzing CPT data by Robertson and Wride (1998) method. 
2. Geology and Seismicity of Study Area 
The area experiencing damages due to the 27 May 2006 Yogyakarta earthquake belongs to the Bantul- Klaten 
plain (Bemmelen, 1949) stretcthing from Opak River to the west Klaten. According to Wartono et.al (1977) the 
geology of Bantul- Klaten plain (Figure 1) consists of : 
1) Alluvium : gravel, sand, silt, clay 
2) Merapi volcanic deposit : tuff, ash, sand, aglomerate 
3) Sentolo Formation : limestone, sandstone with marl 
4) Wonosari Formation : calcarenite limestone, reef limestone 
5) Kepek Formation : marl, clastic, limestone 
6) Sambipitu Formation : tuff, shale, siltstone 
7) Semilir Formation : breccia tuff and clay tuff 
8) Nglangran Formation : volcanic breccia, tuff 
Kebo Butak Formation : volcanic breccia, andesit, aglomerate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geological map of Bantul, Yogjakarta and the surroundings 
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The geological structures developed in the Bantul- Klaten plain is the strike slip fault known as the Opak fault 
(Figure 2) strecthing South East- North West of approximately N 235oE/80o, where the east block relatively moved 
towards the north and the west block moved towards the south. The width of the fault zone is estimated to reach 2.5 
km. Another fault zone is recognized to the north east- south east of N 325oE/70o towards the Gantiwarno area. 
The historical records revealed that earthquakes in study area occurred on  4January 1840, 20October 1859, 10 
June 1867, 28 March 1875 (New Comb dan Mc Cann, 1987), 23 July 1943, 12 October 1957, 14 March 1981 and 
the last one on  27 May 2006 (Mw 6.2) (BMKG, 2006 and USGS, 2007). The Yogyakarta region experiences a 
fairly high seismic activity and has peak ground acceleration (p.g.a) values ranging from 0.038g to 0.531g (Kirbani 
et.al, 2006) (Figure 2 and 3). 
The correlation of borehole data and magnetic survey (Mac Donald et.al, 1984; Soebowo et.al, 2006 and 2007) 
indicated that the thickness of alluvium and lahar filling Bantulgraben ranges from 20-200 m and at some places 
may be thicker than 200m. The phreatic groundwater table is generally shallow ranging from -0.6 to -5 m below 
ground level (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Tectonic and earthquake distribution map of Yogyakarta area (BMKG, 2006) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Map of peak ground acceleration contours of Yogyakarta area (Kirbani et.al, 2006) 
3. Field Occurrence of Liquefaction Due to the Yogyakarta Earthquake 
Mapping of liquefaction phenomena was carried out following the devastating earthquake events. Map of 
liquefaction occurrences indicated that most of the liquefaction took place in the vicinity of the Opak Fault area 
(Figure 5).   
The liquefaction occurrences were manifested in the forms of sand boils, lateral spreading, fall and topple, 
sliding, and also collapse and tilting of buildings. 
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Figure 4. Map of groundwater level and location of site investigation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Map of liquefaction occurrences due to the 2006 Yogyakarta Earthquake in Bantul, Yogjakarta and the surroundings 
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4. Geotechnical Analysis 
Geotechnical investigation and liquefaction analysis had been carried in the study area. Investigation consisted of 
five geotechnical borings up to the depth of 20 m, 30 cone penetration tests and piezocone tests (CPT and CPTu) 
and groundwater level measurements (Figure 4). Liquefaction potential analysis was carriedout using CPT and 
CPTu data by Robertson and Wride formula (1989) with the magnitude of earthquake 6.2 mw, the source of 
earthquake is approximately 10 km around the south coast of Parangtritis, peak ground acceleration of 0.25g and 
groundwater level condition was assumed to reach the surface due to the earthquake shaking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Liquefaction potential analysis result for CPT-01 Bantul (Robertson and Wride, 1989) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Subsurface stratification of study area from geotechnical boreholes 
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The liquefaction potential analysis (Robertson and Wride, 1989) examines the relationship between the cyclic 
stress ratio (CSR) due to the earthquake load and the cyclic resistance ratio (CRR) of the local ground condition. 
Factor of safety (F.S) is computed as the ratio of CRR to CSR, and the F.S value of 1 is taken as the threshold. 
Figure 6 presents the typical result obtained for liquefaction potential analysis in the study area indicating the depth 
and thickness of liquefied soil and the total settlement. 
Correlation of geotechnical boreholes indicated that the sandy soil is dominated by the loose density (N-SPT 
value <10) and slightly dense to dense (N-SPT value of 10-30) (Meyerhoff, 1956) up to the depth 25 m (Figure 7). 
The results of geotechnical analysis show that almost all of the points of investigation suggest the potential of 
liquefaction and settlement. The zone of liquefaction is mainly concentrated at the centre of the study area at the 
depth of 0.2-12.8 m with thickness of 0.2-5.2 m and settlement of 0.21-12.98 cm in the Patalan area Bantul which is 
part of the SW- NE Opak fault segment (Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Map of liquefaction zone in the study area 
5. Discussion 
The results of liquefaction analysis indicate that the thickness of liquefaction zone in the study area varies from 
0-1m up to 3- >4m (Figure 8). The thickest zone lies in the centre of the study area along the line of CPT 04, 05, 06, 
11, 27, 28 at Pundong, Bambanglipuro and CPT 21, 23 in Jetis. This confirms the field occurrences of liquefaction 
at those locations manifested as sand boils, lateral spreading, settlement, and sand covered dug wells. This zone was 
also the area of severe destructions during the Yogyakarta earthquake (Soebowo et.al, 2006, 2007). It is indicated 
that the upper sediment prone to liquefaction in this area is the sediment filling the Bantulgraben which is part of the 
Opak fault zone. 
6. Conclusion 
The Yogyakarta earthquake on May 27, 2006 had caused damages of housing and infrastructures due to 
liquefaction. Field investigation and geotechnical analysis had been carried out to analyze the occurrences and 
distribution of earthquake induced liquefaction in Bantul area, Yogyakarta. Field investigation revealed that the 
study area has alluvium and lahar filling Bantulgraben with thickness ranges from 20-200 m and phreatic water 
tables in this area is shallow ranging from -0.6 to -5 m below ground level. Geotechnical analysis revealed that the 
liquefaction zone occupies the loose sandy soil at the depth 0.2- 12.8 m and the thickness of potentially liquefied 
soil layer varies between 0.2 -5.2 m and total settlement induced by the liquefaction is varied from 1.0 - 10.8 cm 
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concentrated at the middle part of Opak Fault. The occurrence and distribution of earthquake induced liquefaction in 
Bantul area zone coincides with the area occupied by loose to slightly dense sandy soil and shallow groundwater 
level near the Opak fault which confirms the occurrences of the liquefaction phenomenon observed during the 
Yogyakarta earthquake 2006. 
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